Metal gaskets will be used wherever possible. The total chamber surface area will be about 300 m2 and the volume about 50 m3. The total gas load (without baking) due to outgassing, permeation and leaks is estimated to be of the order of 1 x 10-2 torr litres per second after 15 hours of pumping.
It has been estimated that an operating pressure of 2 x 10-7 torr in the median plane of the cyclotron will be needed to limit beam losses due to chargeexchange to less than 30 percent in the case of xenon, the heaviest ion considered.
A pumping speed of about 1 x 10 5 litres per second will be required to maintain this operating pressure. Cryopumps and titanium-sublimation pumps are being considered as the main pumps for the major gas loads in the high vacuum regime. Both types provide high pumping capacity and do not contaminate the vacuum chamber with heavy hydrocarbons which enhance multipactoring of rf systems.
Injection and extraction
The beam (with maximum proton energy of 8 MeV) will be injected radially through a nearly field-free valley into the central region. A steerer magnet will direct particles into a 1 Tesla bending magnet followed by a 1,6 T magnetic inflector channel (in the pole-tip of a sector magnet) which will guide the beam onto the first well-centred orbit. Fine Injectors A small reliable solid-pole cyclotron (SPC1) will initially be used as an injector for both light and heavy ions without stripping between the two machines. The proton beam energy of this machine will be 8 MeV.
A second solid-pole cyclotron with a k-factor of 40 (SPC2) will probably be built at a later stage of the project as an injector for heavy ions with a stripper between the two machines. Energies attainable are indicated in Table 2 by calculated values for some representative ions. Table 2 Maximum Energies (MeV/nucleon)
Beam Transport Philosophy
We have tried to separate such functions as momentum selection or phase-space matching from simple beam transportation for which achromatic and doubly telescopic sub-units can be used. The latter can consist of pairs of symmetric quadrupole triplets which can then be set up to give unit magnification. The symmetries of such systems reduce the number of working parameters to a minimum, and simplify the transport matrices by setting many of the elements to zero in both first and second order. The resulting system should then be relatively simple to operate and reasonably free from aberrations.
Transfer beam line
In coupling the two proposed injectors to the SSC, we require that either SPC1 or SPC2 can be used as an injector, while the beam from the other solid-pole cyclotron can simultaneously be directed to a lowenergy experimental area. A possible solution (indicated in area T of figure 1), with a minimum number of quadrupoles has been designed with the aid of the program TRANSPORT: every path through this system is mirror symmetric, leading to doubly telescopic achromatic transfer with unit magnification.
Matching of the injector beams to the above system and matching of the bunched, stripped and analysed beam to the SSC have only been investigated in a preliminary way and detailed work is still in progress.
High intensity lines
The beam extracted from the cyclotron will be corrected by a pair of quadrupoles and a dipole so that both dispersion and angular dispersion are zero. After being shaped, the beam will be deflected from the high resolution line and transported by double-telescopic triplet pairs to the isotope production switching magnet, or by an achromatic bend to the radiotherapy switching magnet. Control system The Instrumentation Division of the Atomic Energy Board has designed a computer-based control system for the accelerator complex. 6 The proposed system consists of a multi-minicomputer system with CAMAC interfacing between computer and instrumentation. Certain aspects of hardware already completed for other systems using CAMAC are directly applicable to the present project. A software system based on existing program modules is suggested. A modular man-machine communication system, based on CAMAC and used in numerous systems elsewhere is proposed. The envisaged system has a hierarchical structure, with two senior-level computers (main and auxilliary) and three junior level computers. If the senior level computers fail, a limited form of control ("graceful degradation") can still be exercised by the junior computers. With certain automatic monitoring tasks performed by equipment already developed and with sufficient replacement equipment, a system with high reliability and minimum down-time should be achieved.
Cooling system
The peak power consumption of the facility will be 4MW. There are unfortunately no natural sources of cooling water available to carry away this amount of heat. A maximum wet bulb temperature of 350 precludes cooling with cooling towers alone. It is therefore imperative to cool the facility with refrigerated water. In order to increase the reliability of the system two interchangeable cooling towers and refrigerators will be used.
Buildings The building layout is greatly influenced by the directions of the various beamlines to and from the 200 MeV cyclotron. The SSC and injector vaults together with the nuclear science target areas and associated shielding walls can be accommodated in a single high-bay area served by an overhead crane, as shown in figure 1 . The crane is essential for removal of roof beams from the cyclotron vault, and for dissembly of the magnet yokes. The adjacent shielded areas for isotope production and for radiotherapy can be housed in a low-bay section.
Controls and services will be close to the main cyclotron vault, while the experimental data-taking areas will be adjacent to the target rooms. Workshops, laboratories and offices will probably be located in a separate wing of the building. Additional wings should house the isotope-handling facility and radiotherapy patient-handling areas. Both ends of the main hall should then be free of outbuildings. In this way we hope to provide suitable facilities for a number of disciplines without restricting future expansion of the accelerator complex.
